Purpose: The purpose of this study was to describe subjective and objective physical activity (PA) levels of two groups of cardiovascular patients who were either postcoronary artery bypass graft (CABG) surgery or diagnosed with heart failure (HF). Design: A descriptive comparative design was used for this secondary analysis of data from two prior studies. Methods: A convenience sample of 62 outpatients was used to examine PA objectively (Actiheart accelerometer) and subjectively (PA interview). Findings: Objectively, 33% of CABG patients and no HF patients met PA recommendations of ≥150 minutes per week. Subjectively, 56% of CABG and 38% of HF patients reported meeting PA guidelines recommendations. Conclusions: Few patients in this study met PA guidelines recommendations. Clinical Relevance: Innovative rehabilitation nursing practice strategies are needed (e.g., use of activity trackers, making PA a vital sign) to assist patients in gaining the knowledge and skills to be more active and adhere to PA guidelines recommendations.
Introduction
Physical inactivity is an important independent risk factor for coronary heart disease (Strath et al., 2013) . In primary and secondary prevention of coronary heart disease, it is recommended that individuals achieve ≥150 minutes per week of ≥ moderate intensity physical activity (PA) accumulated in at least 10-minute bouts (Lindenfeld et al., 2010; Strath et al., 2013) . Although this amount is recommended, few studies have examined how many communitydwelling cardiovascular patients achieve this PA guidelines recommendations. In this study, we are reporting on PA levels of two community-dwelling cardiovascular populations: patients diagnosed with heart failure (HF) and postcoronary artery bypass graft (CABG) surgery. Studies indicate that between 40% and 91% of patients with HF do not engage in any regular exercise (Gary, 2006; van der Wal, van Veldhuisen, Veeger, Rutten, & Jaarsma, 2010) . Similar results have been found in patients with coronary heart disease (Moore et al., 2006) .
Most of the clinical assessments of community-dwelling cardiovascular patients are done by self-report of PA in an outpatient setting. It is likely that the majority of individuals overestimate the amount of time spent in PA (Dhurandhar et al., 2014) ; however, few studies have examined this in cardiac patients. In a systematic review of self-reported versus objective measurement of PA (e.g., accelerometers, pedometers), 60% of respondents self-reported higher values of activity than that was measured by objective methods (Prince et al., 2008) . Furthermore, they found that selfreported PA was 44% greater than objective measures of PA in men and was 138% greater than objective measures of PA in women (Prince et al., 2008) . These findings suggest that there are inaccuracies in self-reporting PA and that percentages of individuals who meet PA recommendations are low. Thus, the purpose of this study was to describe subjective and objective PA levels and to examine how many HF and CABG patients meet the recommended PA guidelines of ≥150 minutes per week of moderate-vigorous PA.
Methods
A descriptive comparative design was used to conduct a secondary analysis of data from two prior studies. The combined convenience sample included 62 communitydwelling outpatients from two studies that examined PA behaviors in cardiovascular patients. All subjects were either diagnosed with HF or were post-CABG, were stable, and had received optimum medical therapy for the past 30 days. All subjects were able to read, speak, and write English and were oriented to person, place, and time. Common exclusion criteria were orthopedic or neuromuscular disorders preventing PA. Both studies were approved by institutional review boards at the university and hospitals where the studies were conducted.
CABG Sample (n = 33)
Coronary artery bypass graft patients were recruited from the cardiac rehabilitation (CR) programs of an academic medical center and a community hospital. In addition to the common inclusion criteria, all CABG patients had completed CR 3 months earlier, had no history of psychiatric illness, and were classified as low to moderate risk for cardiac events during exercise (Cameron, 2014) . Additional exclusion criteria were debilitating noncardiac diseases such as renal failure, anemia, chronic obstructive lung disease, and poorly controlled diabetes.
HF Sample (n = 29)
Patients were recruited from an outpatient HF specialty clinic. In addition to the common inclusion and exclusion criteria above, all HF patients were ≥60 years of age and had a resting left ventricular ejection fraction of ≤40%. They were excluded if they had unstable angina pectoris, myocardial infarction, CABG surgery, or biventricular pacemaker within 3 months before the study.
Measures
Subjective PA in CABG patients was measured by the Modifiable Activity Questionnaire (Kriska et al., 1990) . This is an interviewer-administered survey that assesses the time spent in 38 leisure physical activities, common among this population (i.e., walking, biking, elliptical), over the past 7 days. Only time spent in those activities that were moderate intensity or greater (≥3 METs) was summed for a total number of minutes per week. METs (metabolic equivalent of task) are a physiological measure expressing the energy cost of physical activities. One MET is equal to the energy costs of sitting quietly. METs can be thought of as an index of the intensity of activities; the higher the MET level, the higher the intensity. The interclass correlation coefficient of this survey administered on two occasions over 1 week was .77, suggesting substantial reproducibility (Pettee Gabriel, McClain, Schmid, Storti, & Ainsworth, 2011). The validity was supported by a significant correlation between self-report and accelerometer measured moderate-to-vigorous PA (r = 0.76, p < .0001) (Pettee Gabriel et al., 2011) .
Subjective PA in HF patients was measured by the Modified 7-day Physical Activity Recall Questionnaire (Hellman, Williams, & Thalken, 1996 -1997 . This is an interviewer-administered survey where participants report minutes of light, moderate, hard, and very hard activities for the past 7 days. Only time spent in those activities that were ≥ moderate intensity (≥3 METs) was summed for a total number of minutes per week. Construct validity was confirmed in a population of 64 older CR participants (mean age = 70.6 years) demonstrated by significant increases in daily energy expenditures over a 12-week time frame and by significant differences between active and inactive groups of older adults demonstrating discriminant validity (z = -6.14, p < .0001; Hellman et al., 1996 Hellman et al., -1997 .
Although two different surveys were used to calculate PA variables, both surveys obtained very similar information about PA, allowing us to calculate the same summary score from both measures (amount of time spent in moderate/vigorous physical activity [MVPA] per week). Both surveys are commonly used measures of PA and have comparable reliability and validity.
The Actiheart (CamNTech Company, Boerne, TX) was used to measure objective PA in both studies. It is a compact accelerometer that records the frequency and intensity of the subject's movement and heart rate, although only movement was used in this analysis. The Actiheart was attached with two standard ECG electrodes on the chest for 7 days. PA data were constructed similarly for both studies. Data from the accelerometer were downloaded and screened for wear time using standard methods. For adults, at least 3-5 days of monitoring are required to estimate habitual PA. We selected 1 week-end day and 3 week-days for the 4 days needed to compute the average daily amount of PA (time and intensity). Time spent in light (1.6-2.9 METs) and MVPA (≥3.0 METs) were computed based on cutoff points from Freedson, Melanson, and Sirard (1998) . Time spent in PA was summed across 4 days and divided by 4 for an average daily duration of PA (in minutes). Because PA recommendations are based on the number of minutes per week, we computed the weekly amount of time spent by multiplying daily time by 7 (minutes per week). The Actiheart has established reliability and validity and is an acknowledged standard for field-based activity measurement.
Light intensity activities range from 1.6 to 2.9 METs, moderate intensity activities range from 3.0 to 5.9 METs, and vigorous intensity activities are >6.0 METs (Freedson et al., 1998) . We combined moderate and vigorous intensity activities because only few patients in either sample were engaged in vigorous intensity activity. Time spent in light activities (1.5-2.9 METs) and moderate-to-vigorous activities (>3 METs) was summed across the 4 days and divided by 4 for an average daily duration of PA (minutes). Because the PA recommendations are based on the number of minutes per week, we computed the weekly amount of time spent in MVPA by multiplying the daily time by 7.
Data Analysis
SPSS version 21 (IBM Corp., Armonk, NY) was used to analyze the data. Descriptive statistics (medians, ranges) were computed for demographic characteristics and subjective and objective activity levels in both patient samples. The samples were compared using chi-square statistics for categorical data and Mann-Whitney U statistics for ordinal/ continuous data.
Results

Patient Groups
On average, HF patients were older and had a lower ejection fraction than CABG patients (see Table 1 ). The CABG patients were also more likely to be employed. The majority of patients in both groups were male (65% HF patients; 82% CABG patients), Caucasian (100% HF patients, 94% CABG patients), and similar in BMI (Mdn = 28 in HF patients, 29 in CABG patients).
Physical Activity
Based on accelerometer data, HF patients engaged in <1 minute of MVPA per day (see Table 2 ). They engaged in more light activities (1.6-2.9 METs) than moderatevigorous activities (18.2 min/day). Thirty-eight percent of HF patients met the national guidelines of ≥150 minutes per week by self-report; however, none met the guidelines based on accelerometer data.
Coronary artery bypass graft patients engaged in 18.5 minutes of MVPA per day (129.5 minutes per week) based on accelerometer data. They also engaged in more light than MVPA (146.8 minutes per day). Fifty-six percent of CABG patients met the national guidelines of ≥150 minutes per week based on self-report; however, only 33% met the guidelines based on accelerometer data. CABG patients were significantly more active than HF patients as evidenced by significantly greater minutes spent in light and MVPA (see Table 2 ).
Discussion
It is important to interpret the findings in light of the study limitations. One of the limitations of the study was using two different scales to measure PA which may have contributed to the lack of differences between the two samples in self-reported PA. We think the lack of differences, however, is most likely due to the difficulties in measuring PA by self-report. The small sample size, convenience sampling, and a sample comprised of primarily Caucasian males limit the generalizability of the study findings to patients similar to those in this study. Moreover, HF patients were about 10 years older, on average, than post-CABG patients, which contributed to the lower PA levels in the HF group. In this study, we gave patients "credit" for all MVPA, and this may have overestimated MVPA levels in these patients. Typically, when calculating minutes of PA, individuals are only given "credit" for 10-minute bouts of activity, which is considered the minimum amount of time needed for PA to have health benefits (Strath et al., 2013) . However, in a recent study, there was evidence that bouts less than 10 minutes could have a positive effect on cardiovascular health outcomes (Glazer et al., 2013) . Future studies need to measure MVPA in patient populations using a variety of objective measures including accelerometers that are able to capture multiple body movements (trunk, waist, upper and lower extremities). The main finding of this study was that communitydwelling, stable cardiovascular patients, who were either diagnosed with HF or post-CABG, did not engage in sufficient levels of PA, on average, to reduce their risk of cardiovascular disease. By objective measures (accelerometer), 33% of the CABG patients and none of the HF patients met the PA recommendations of ≥150 minutes per week of MVPA. By subjective measures, 56% of CABG patients and 38% of HF patients met PA recommendations. Thus, patients were overestimating their level of PA by self-report. Because of the inaccuracies in self-reporting PA and the low percentages of individuals who met PA recommendations, it seems vital to have patients use objective PA devices (e.g., wireless activity trackers) during and after exercise rehabilitation to ensure they are obtaining sufficient MVPA to reduce their cardiovascular risk.
On average, CABG patients spent 129.5 minutes per week in MVPA. Only 33% met PA guidelines of >150 minutes per week based on objective data. These findings are similar to results from earlier studies of CABG patients. Moore et al. (2006) found that approximately 25% of patients (55% CABG) in a lifestyle exercise intervention met the minimum weekly MVPA guideline 1 year after a cardiac event. Similarly, Griffo et al. (2012) found that 46% of revascularized patients were exercising >3 days per week, whereas before surgery only 6% were exercising >3 days per week. However, these data were collected by self-report, which may be an overestimation of how active they were. In this study, the majority of CABG patients' exercise time was spent in light activities with MET levels ranging from 1.6 to 2.9 METs. One reason for engaging primarily in light activity may be due to the type and intensity of activities they participate in during CR. Much of the time in CR is spent in activities that are 2.25-2.5 METs (Macken, 2012) ; thus, patients may become accustomed to this level of activity. Macken found that, although CABG patients improved significantly in their functional capacity (MET levels) during CR, the majority of their exercise activities were spent at fairly low MET levels (<3 METs). These light intensity activities may not provide patients with a realistic sensation (perceived exertion) of how hard they are supposed to be working once they are exercising outside the CR environment. Furthermore, the discrepancy between what patients report they are doing versus what they actually do may contribute to their feelings of fatigue and activity intolerance.
In this study, none of the HF patients met the PA recommendations of 150 minutes per week of MVPA based on objective data. HF patients in this study were primarily engaging in light activities, but even minutes of light activity were low (total time in activities was about 20 minutes per day). These results are comparable to the findings in earlier studies where HF patients spent 48 minutes per day in movement-related activities and up to 96% of activity was sedentary (van den Berg-Emons, Bussmann, Balk, & Stam, 2005) . In a prior study, a majority (61%) of patients with HF reported that adherence to an exercise regimen was more difficult than any of the other required behavioral changes for HF including diet, medications, smoking cessation, or keeping appointments (Evangelista, Berg, & Dracup, 2001) . Patients identified lack of motivation, lack of energy, and the presence of physical symptoms as the primary reasons for nonadherence to exercise. Patients report reluctance to initiate exercise due to a lack of skills for exercise and a fear of increasing PA with a "bad heart" (Evangelista et al., 2001) . Future studies need to examine the role of fear and other barriers to exercise (i.e., lack of energy, dyspnea) as confounding factors particularly for patients to implement a home exercise program. Now that CR is reimbursable by the Centers for Medicare and Medicaid for stable HF patients, these patients would benefit from participation in CR programs to reassure them that exercise is safe and to guide them in knowing how much exercise to do. Although it is reimbursable, many patients are still not being referred and CR staff may lack the specialized training related to exercising patients with HF (Pozehl, McGuire, & Norman, 2015) .
Clinical Implications
In clinical situations, we rely on cardiovascular patients to provide accurate information about their daily PA levels. Yet we know, from this and earlier studies (Prince et al., 2008) , that the majority of patients self-report higher levels of activity than what is measured by objective methods. To counteract the issues associated with self-report measures, it is necessary to explore alternative methods for patients to use to monitor their PA that do not rely on their ability to recall activity. Having cardiovascular patients monitor their activities using an objective measure such as a pedometer, a multisensor activity tracking device (Fitbit, Body Media Fit, Jawbone, etc.; Lee, Kim, & Welk, 2014) , or a cellular phone pedometer device has the potential to eliminate the problems of self-report and has the potential to inform patients with real-time information about whether they are active enough both in relation to PA time (≥150 minutes per week) and intensity (≥3.0 METS). Furthermore, rehabilitation nurses can schedule a follow-up appointment once exercise rehabilitation is completed to keep patients accountable and provide ongoing motivation (encouragement) for their PA behavior. Additional intervention strategies include the Exercise is Medicine (EIM) initiative, which requests that healthcare providers encourage patient involvement in PA (Lobelo, Stoutenberg, & Hutber, 2014) . This initiative, coordinated by the American College of Sports Medicine, has the goal of having health care providers assess every patient's level of PA with every clinic or rehabilitation nursing visit and providing patients with an exercise prescription at each visit. Having a ready list of qualified health and fitness professionals for further counseling and/or health and wellness centers in the community for referring patients to can also be very useful. Each clinical site could designate their own PA champion who could pledge to implement EIM in their own healthcare setting (www.exerciseismedicine.org).
The National Physical Activity Plan described multiple strategies to get people moving (Kraus et al., 2015) . Strategies specifically focused on the healthcare system include making PA a patient "vital sign" that would be checked along with blood pressure, heart rate, temperature, and respirations that all healthcare providers would review with their patients at each rehabilitation nursing visit or clinic visit (http://www.physicalactivityplan.org/ healthcare.php). This information should also be recorded in the electronic medical record for assessing patients' PA on a regular basis. Another strategy is to provide low-cost, evidence-based cognitive and behavioral interventions to patients. The intervention strategies that have the strongest theoretical and empirical support in promoting PA in a rehabilitation setting were behavioral strategies of self-monitoring, setting specific goals, identifying barriers, feedback on performance, and developing plans for relapse prevention (Ferrier, Blanchard, Vallis, & Giacomantonio, 2011; Greaves et al., 2011) . Additional methods to assist with self-monitoring and goal setting can include high-tech approaches, such as activity monitors (i.e., Fitbit, Sensa arm bands) and "smart phone" applications or low-tech approaches such as an activity log or the online activity tracker at the American Heart Association (AHA) website.
There are several excellent educational resources available at the AHA website that can be printed off and shared with patients undergoing rehabilitation nursing care (http:// www.heart.org/HEARTORG/GettingHealthy/Physical Activity/Physical-Activity_UCM_001080_SubHome Page.jsp). The AHA advocates walking as the simplest positive change to make to improve cardiovascular health. One of the frequent barriers to PA is boredom, but exercise does not need to be boring with the many active-play video games such as balance boards, dance pads, gym equipment, and other games that keep the player moving to play and win the game (Lieberman et al., 2011) . Finally, one of the best strategies that healthcare providers can do is to be a role model for active lifestyles, and this enthusiasm will be readily apparent and infectious to patients.
Conclusions
In conclusion, physical inactivity is an important independent risk factor for coronary heart disease, yet few patients in this study met PA recommendations to reduce cardiovascular risk. No HF patients and only 33% of CABG patients met the recommended guidelines of ≥150 minutes per week of MVPA. Using objective PA measures, CABG patients were found to be significantly more active than HF patients as evidenced by significantly greater minutes spent in light and MVPA. Using subjective PA measures, there were no differences between CABG and HF patients in the proportion of patients who reported meeting PA guidelines. Innovative rehabilitation nursing intervention strategies (e.g., activity tracker, making PA a vital sign, providing a written exercise prescription with each clinic visit) are needed to assist patients to be more active and adhere long term to PA recommendations.
Key Practice Points
• Although physical inactivity is an independent risk factor for coronary heart disease, few patients in this current study met physical activity (PA) recommendations to reduce cardiovascular risk.
• No heart failure (HF) patients and only 33% of coronary artery bypass graft (CABG) patients met the recommended guidelines of ≥150 minutes per week of moderate-to-vigorous PA using accelerometer data.
• Based on accelerometer data, patients post-CABG surgery were found to be significantly more active than patients with HF as evidenced by significantly greater minutes spent in light and moderate-to-vigorous activities.
• Innovative rehabilitation nursing practice strategies are needed (e.g., use of activity trackers, making PA a vital sign, providing a written exercise prescription) to assist patients in gaining the knowledge and skills to be more active and adhere to PA recommendations.
